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-PRESSURE-DISTRIBUTION INVESTIGATION OF AN N.A,C.A. 0009

AIRFOIL WITH A 30-PERCENT-CHORD PLAIN FLAP

AND THREE TABS

By Milton B, Ames, Jr., and Richard I. Sears
SUMMARY

Pressure-distribution tests of an N.A.C.A, 07209 air-
foil with a 30-percent-chord plain flap and three vlain
tabs, having chords 10, 20, and 30 percent of the flap
chord, were made in the N.A C.A, 4= Dby 6-foot vertical
tunnel, The purpose of these tests was to continue an in-
vestigation to supply structural and aerodynamic section
data that may be 'applied to the design of horizontal and
vertical tail surfaces.

The results are presented as diagrams of resultant

‘pressures and of resultant-pressure increments for the

airfoil with the flap and the 20-percent-chord tad, In-
érements of normal-force and hinge-moment coefficients for
the airfoil, the flap, and the three tabs are also Ziven,

At all unstalled flap and tad deflections, the exper-
imental distridbutions agree well with those calculated by
an analytical method., The agreement ig poor, however,
when the stalled or the unstalled condition of the flap
or the tad deflected alone was changed to an unstalled or
stalled condition by the simulitaneous deflectlon of both
the flap and the tab.

INTRODUCTION

The trailing-edge tad has proved to be an effectiive
device in reducing the excessive control forces resulting
from the recent increasesin size and speed of airplanes,
Although a number of investizgations have been conducted
to determine the characteristics of the different factors
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affecting control surfaces (references 1, 2, and %),

data 2iving the aerodynamic section characteristics of a
thin airfoil as affected by flaps and tabs seered to he
available that would be applicable to tail-surface desisin.
4n investigation was therefore undertaken to supply in-
formation applicable to the aerodynamic and the structural
design of tail gurfaces with tabs. The first part of ithis
investigation compriged pressure-distribution tests made
of an N.4.C,4, 0009 airfoil with a 50-percent-chord plain
flap and three plain tabs; the results of these tests arec
reported in reference 4.

The regsults reported herein were obtained from pres-
sure~distribution determinations over one section of an
N.4.C.A., 0009 airfoil with a Z0-percent-chord plain flap
and with plain tads 10, 20, and 30 percent of the flap
chord., From the data obtained, normal-force and pitching~
moment coefficlents were calculated for the airfoil sec-
tion complete with the -flap .gnd .the various tads. The
normal-force and the hinge-moment coefficients for the
flap with -the different tabs and- for the tabs separately
were also determined.

APPARATUS AND TESTS

Model and Test Installation

The tests were made in the N.A.C.4. vertical wind tun-
nel. The test section of this tunnel has been converted
from the original open, circular, 5-foot-diameter jet {(ref-
erence 5) to a closed, rectangular, 4~ by 6-foot throat
shown in figure 1.

The rectangular 3-foot-chord by 4~foot-span nodel was
made of lamingted mahogany to the N.A.C.A. 0009 profile.
It was equipped with a plain flap having a chord 30 per-
cent of the airfoil chord, ¢, and with three serially
hinged plain tadbe having chords 13, 29, and 39 percent of
the flap chord, ¢y, as shown in figure 2, During tests,
all flap and tad gaps were sealed with plasticine and cel-~
lulose tape to prevent air leakage at the hinges. The
radius of curvature at the hinge for both the flap and the
tabs was approximately one-half the alrf011 thickness at
the resnectlve hinge p031t10ns.

4 single chordwise row of pressure orifices was dbuilt
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into the upper and the lower surfaces of the airfoil, the
flap, and the tabs at the midspan., The orifice positions
are shown in figure 3,

As the model completely spanned the test section,
two-dimensional flow was approximated, The model was at-
tached to the balance frame by means of torque tubes, which
extended through the sides of the tunnel and were rotated
by a calibrated electric drive to set the angle of attack,
The flap and the tabd angles were set inside the tunnel by
varying the position of small lever arms on the movable
surfaces,.

The rubber tubves from the pressure orifices were
brought out of the model at one end through the torgue
tube and the tunnel wall to a photo?raphically recording
nultiple-tube manometer,

Tests

Tests were conducted at an effective Reynolds Number
of approximately %,410,000, (Effective Reynolds Number =
test Reynolds Number X turbulence factor, The turdulence
factor of the 4- by 6~fo6t vertical tunnel -is 1.93. ) The
tunnel was operated at an average dynamic pressure of 10,8
pounds per sqguare foot, corresvonding to an air speed of
about 65 miles”per.hour at standard sea~level conditions.

For direct comparison with the results presented in
reference 4, the tests were made at angles of attack from
~l43 to lO% at intervals of 5%, The model was tested
with the 30-percent-chord plain flap deflected 0%, 5%, 10°,
209, 80°, and 45°, Throughout the entire angle-of-attack
range for each flap deflection, the three tabs were de-~
flected 0°, *10°, %£20°, and £30°,

T RESULTS

Preéeptation of Data’

The results of the distridvution of pressures are
given in the form of diagramg of resultant pressures and
resultant-pressure increments, which represent changes in
resultant-pressure dlstribution caused by a change in an-
gle of any one part or any comblnation of the component
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parts of the airfoil, The resultant normal prezsure at
any point along the chord line of the alrfoll was deter-
mined by taking the algebraic difference of the pressures
normal to the surface of the airfeil at that point., All
diagrams of resultant pressures or resultant-pressure in-
crements of the airfoil, flap, and tad comdination are
plotted ag pressure coefficients, P, or as AP, where

P = E_:_EQ‘
q
and
hs] static prgssure at a point on airfoll.

Do static pressure in free alr stream.
q dynamic pressure of free air stream,

Resultant-pressure diagrams are given for the bdbasic
section (i.,e., flap and tad neutrel) in figure 4. The
resultant~pressure diagram for any other condition may be
obtained by adding to the bvasic diagram the resultant-
pressure-increment diagram (figs. 5 to 10) for the partic-
ular condition.

The large quantity of data prohidbited the inclusion
of all the resultant-pressure-increment diazrams., Only
the diagrams for tad deflections of 0° and 300 for the
O.Ech tatb, which was considered to be an average size,
are presented, Vdlues of angle of attack were selected to
represent the followinz conditions:

Unstalled negative angle of attack ....-93%°

Low wositive angle of attack cevueeoane %o

Unstalled high angle of attack seeeeeee 55°

The angle of 53° was selected because it was the highest
unstalled angle obtained at some of the hisgsher flap and
tab deflections and because the results could be compared
with those presented in reference 4,

The section characteristics of the airfoil, the flap,
and the tab, as functions of flap and tab deflection, are
also plotted as increments. These increments 'were obbtalned
by deducting the basic section coefficients from those for
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the section with the tab, the flap, or the combination de-
flected. The characteristics were obtained in each case
by mechanical integration of the original plotted pres-
sure diagrams.,

Computations were made to determine the section coef-
ficients, which are defined as follows:

23 S oo s . s 2
Cp = —— airfoil section normal-force coefficient.
ep = —B5 airfoil section pitching-moment coefficient
ac about quarter-chord point of airfoil.
n
Cpo = t 4 flap section normal~force coefficient.
£ qu
h . : s
Cp, = ——i% flap section hinge-~moment coefficient.
f qcfn .
- n
Cp, = ~t tab section normal-force coefficlient,
% acy
h . .
cht = EEEE tab section hinge-moment coefficient.
' %

wvhere the forces and moments per unit span are:
n normal force of airfoil section.

m Pitching moment of airfoil section about the
guarter-chord point, '

ny normal force of flap section.
by hinge moment of flap section,
ny normal force of tad section. Lo
'ht hinge moment of tab section.

and ¢ chord of basic airfoill with flap and tad neutral,
cg flap chord.

Cy tab chord.
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o angle of attack.
8§ flap or tab deflection.

The subscript f refers to the flap with the tab;
and the subscript t, to the tab alone.

The integrated coefficients for the basic airfoil are
pletted against angle of attack in figure 11, The lncre-
ments for various tab and flap deflections are presented
in figures 12 %to 20,

Precision

Inasmuch as no air-flow alinement tests have been
made in this tunnel, the absolute value of the angle of
attack is not known. An error of 1/2° in alinement ap-
peared to have existed (see reference 4); corrections for
this misalinement were made in the final data. BRelative
angles of attack are accurate to within #0,1°, Absolute
flap and tab deflections were sebt to £29; their relative
settings are accurate to within #*1°,

Plotted pressures are correct to within #*2 percent
except at the peaks that occurred at the hinge axes and
at the nose, where the variation may be zreater. The dy-
namic-pressure readings are accurate to within £l percent.

Two~dimensional flow having been anproximated, the
results may be considered as section characteristics ex-
cept for the tunnel-restriction corrections which were
applied only to the airfoil section normal-force coeffi-
cient, ¢,. Although no corrections were made for the
other coefficients, they are believed to ©ve higher than
the free-air values and, hence, are on the conservative
side for structural purposes. The magnitude of turnel
corrections for flap and tad coefficients has not been de-
termined. The magnitude of the airfoil normal-force co-
efficient as represented in the resultant-vpressure-
increment diagrams -(figs. 5 to 10) ig kanown to be too
large by about 11 vercent because these curves were plot-
ted directly from tunnel datsa without applying any cor-
rection,



N.A.C.A., Technical Note No. 759 7

DISCUSSION

Pressure Distribution

The distridution of resultant pressure for the basic
N.A.C.A. 0009 airfoil with flap and tabs neutral (fig, 4)
and the distribution over the basic section of increments
of resultant pressure caused by flap and tab deflections
(fige. 5 to 10) are uncorrected for tunnel effect. Such
diagrams should prove ugeful in determining loading con-
ditions for the structural desiszn of both horizontal and
vertical tail surfaces. For this purpose, all pressures
are conservative., This conclusion is especially true of
the peaks at the hinge axes because of the use of sealed
gaps.

Tests have indicated that the increments of pressure
distribution and the increments of section aerodynanmic
coefficients dvue to flap deflection are anproximately in-
dependent of the basic section for conventional airfoils
of the same maximum thickness. It 1s therefore believed
that, for structural design, the incremental data present—
ed in this report may be applied to other basic sections
of a conventional shape and the same thickness..

Deflection of the flap alone or the tab alone causes
an increment of pressure over the entire airfoil, this in-
crement reaching peak values both at the nose and at the
hinge axis. The incremént tapers.from this peak value at
the hinge axis to zero at the trailing edge.. When the flap
and the tab are simultaneously deflected in the same di=-
rection, the increments are largest; peaks occur at the
same places and reach their maximum values.. If the flap
and the tab are deflected simultaneously bdut in opposite
directions, increments are a minimum; bdut. veaks still oc-=
cur at the nose and at the hinge axes, The peaks at the
hinge axes are, however, of opposite sign.. The resultant-
pressure increment on the flap (flap deflected downward)
is a positive peak at the flap hinge axis, passes throuzh
zero between the flap and the tad hingLes, and reaches a
negative peak at the tad axis (tad deflected upwand), from
which it drdpg to zero at the trailing edge of the air-
foil, '

In general, the curves of the resultant-pressure in-
crements are similar in form to those for the 50-percent-
chord flap of reference 4, 4s might be expected, the 30~.
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Percent-chord flap stalls at a higher angle of attack and
its loads are smaller. The irregularities in some of the
curves (figs. 5(a), 5(c)}, 6(c), 7(c), 8(=), 8’c), 9(ec), 1nd
10(c)) over the leading-edge portion of the airfoil may

be due to laminar separation caused by severe adverse
pressure gradients.

The curves of resultant-pressure distridution over
the basic airfoil (fig. 4) are the same as those presented
in figure 4 of referentce 4, The comparison of the experi-
mental curves with those obtained by a computed method are
therefore omitted in this report.

Calculations were made for the chordwise distribution
of pressure increments, resulting from flap and tab derflec~
tions, by the method advanced in reference 6. Commarisons
with the experimental curves are shown in figures 5, 7, 8,
and 9. The curves in these Figures show this method of
computing incremental pressure distributions to be in
good agreement with exverimental results for deflectiong
at which the flap or tab =2lone was unstalled. Of the cases
for which a3reement may. be..considered satisfactory, the
greatest divergence of the curves is 0.2AP and occurs at
the hinge axes (figs. 5(a) and 7(b)). '

On the other hand, when the flap and the tab were si-
multaneously deflected in the same direction or in opvo~
site directions and the flap, the tab, or both were
stalled, the computed curves d4id not agree with the ex-
perimental curves. This result is in disagrsement with
other resulte cited in reference 6.

The method advanced in reference 6 is based upon the
assumption that, at a given angle of attack, the coeffi-
cient increments Acp and Acp for the flaps deflected
alone to a given angle plus the coefficient increments for
the tab deflected alone to a given angle should equal the
coefficient increments for flap and tab simulteneously de-~
flected to these given angles. This assumption is not
borne out by experiment in the following cases:

Flap deflection, 10%; angle of attack, 5%%;
tab deflection, =309 (fig. 7(e)).

Flap deflection, 20°; angle of attack, 1/2°;
tab deflection, -30° (fig. 8(1)).

Flap deflection, 30°; angle of attack, 1/2°;
tab deflection, £30° (fig. 9(b)).

-
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This poor summation of coefficients is caused by the
ocecurrence of a critical condition in which the stalled
or the ungtalled condition of either the flap or the tab
deflected alone is changed by the simultaneous deflection
of both the flap and the tab., The experiments show that,
in some cases where the flap was stalled when deflected
alone, the tabd when deflected at the same time in the op-
posite direction caused the flap.to become unstalled., In
other tests, where both the flap and the tad were deflect-
ed in the same direction at the same time, the tad often
became stalled and, in a number of cases, both the flap
and the tad stalled., It is evident that the method of
computing chordwise distribution, based on the summation
of coefficients due to the flap and the tab deflections,
will not check the experimental results where the stalled
or the unstalled condition of the flap or the tab deflect-
ed alone was changed by the simultaneous deflection of the
flap and tabd., It should be noted here, however, that var-
ious free~flight tests have shown that, for these critical
conditions, the stalls in free flight may not necessarily
occur in the order that the tunnel tests have indicated.

Aerodynamic Section Characteristics

Airfoil characteristics.— The.basic airfoil section
gave a linear variation of ¢y asgainst anzle of attack
(fig. 11) in the unstalled range, which was similar to the
results obtained in reference 4. The slope of the normal-
force curve, &cn/aa, is 0,095 and agrees with the results
in references 4 and 7. The failure of the ¢, curves to
give a value of cyp = 0 at o = 0 was probably due to
model imperfections and tad misalinement. The maximum in-~
crement of normal-force coefficient, Acy = 1.73, occurred
at o = -93°, 65 = 45°, and &4 = 30° for the 0,%0cs tab.
(See fig. 18(b).) When the tabd was deflécted upward to
-300, the other conditions remaining the same, the value
of Acy Ybecame 1,06, The reduction of Aec, -due to re-
versing the tad was 0.67, or 39 percent, For the same
condition in reference 4 where the model had 4 0.,50c¢c flap,
the maximum Ac, was 2.%2 for the tabd deflection of 30°
and 1,34 for the -30” tab deflection. The changde in Acnp
in this case was 0.28, or about 42 percent for & 0,50 flap.
In figures 12, 15, and 18, the Acp curves change slope
at a flap deflection of 20° for negative argles of attack
and between flap deflections of 100 and 20° for the posi-
tive angles of attack. These changes in slope are proba-
bly caused by the stalling of the flap,
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The pitching-moment coefficient for the baslic air-
foil section was approximately gzero for the range of
angles of attack of -94° to 104°. (See fig. 11,) The
value of ¢p varied nearly linearly with flap deflec-
tion for a2ll values of o within the unstalled range.
It was noted that the effectiveness of the tadbs in ¥ary-
ing Acp decreased as tab deflections increased posi-
tively or negatively from the neutral position.

-

Flap and tab characteristics.~ In agreement with ref-~
erence 4, the increments of flap section normal-force ané
hinge-moment coefficients varied nearly linearly with flap
deflection within the unstalled range of the flap. As
would be expected, the flap stalled at successively lower
flap deflections as the angle of attack wes increased.

The curves of Acnp and Achf were shifted varal- .

lel %0 themselves with di~ferent tab deflections. The

rate of change of the increments with tadb deflection de- .
creased as the tab deflection increased positively or '
negatively from neutral. In most cases, the -30° (upward)
deflection of the tad was rather ineffective in reducing

Achf, as shown by the irregularity of the inecrements for

this tab deflection. This result asrees with the results
in references 1 and 2.

The incremental tabd section coefficients, Acnt and
Acht, plotted in figures 14, 17, and 20, varied linearly

with tad deflection through the unstalled rznge and were
larger whenr the flap and the tab were deflected in the
same direction than when they were deflected in opposite
directions.

As indicated in the curves showing the flap-coeffi-
cient increments, the tab deflected -30° was stalled in
most cases. In agreement with reference 4, at Ziven val-
ves of a and 8, an increase in flap deflection caused

inereages in Acnt and Acht. Ag the flap deflection weos

increased, the magnitude of the increases in Acnt and
Acht generally became larzer. (See figs. 14, 17, and .

20.)
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The angle of attack for the curve of the flap de-
flected 30° in figure 14(f) is 9° instead of 103° as for
the other flap deflections. Since the model in this con-
dition was partly stalled, the flow was too unsteady for
data to be taken at o = 105°.

Comparison with Other Tests

In the following table are listed some of the more
important average slopes obtained from this investiga-~-
tion. The comparisons are made with the experimental re-
sults from data in references 3 and 4. All slopes are
corrected to infinite aspect ratio.
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Two notable differences occur in this comparison be-
tween data from tests in the 4- by 6~foot vertical tunnel
and in the full-scale tunnel, First, the value of 3dc,/3a
of 0,095 obtained from the ‘present tests and those reported
in reference 4, although not in accord with the value of
0.083 obtained in the tests reported in reference 3, is in
agreement with the value of 0,095 from other full-scale-
tunnel tests reported in reference 7, The other differ-
ence occurs in comparisons of values of achf/asf and

oc /BSt. This difference is in accordance with expected
he .

results, A4s pointed out previously, the section charac-
teristics of the flap and the tab herein reported were not
corrected for tunnel effects., In addition, the gaps be-
tween the flap and the tab were sealed. Both of these
factors would cause an increase in these slopes.

. CONCLUDING REMARKS. .

Aerodynaqic section characterigtics -and résultant-
Pressure distributions have been presented for the N.,A.C.A.
0009 airfoil with a 30-percent-chord flap and three plain
tabs hav1ng chords 10, 20, and 30 percent of the flap
chord. '

For all unstalled flap and tab deflections, the ex-
peérimental and the calculated distributions of resultant-
pressure increments are in good agreement.

The results of the analytical method of caleculating
the resultant-pressure distridution apnd the experimental
results are not in agreement for the cases in which the
stalled or the unstalled condition of the flap or the tab
deflected alone was changed by the simultaneous deflec~
tion of the flap and the tabs This poor agreement between
the experimen%¥al and the -calculated results is attributed
to the fact that the coefficiént inerements for these
critieal conditions are not additive, .as they must be to
obtain good agreement.

In the application of these datsa for design purposes,
it should be remembered that, for all cases, Zaps were
completely sealed, resulting in higher peak pressures at
the hinge axes and in higher hinge~moment and normal-force
coefficients than wounld have been obtained with unsealed

4
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gaps. It should also be noted that only the values of the
normal~force coefficients were corrected for tunnel effects,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronauntics,
Langley Field, Va., March 27, 1940,
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angles of attack and various
deflections of a 0.20cf tab on a
0.30c flap deflected 109.
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Fig. 13e, d
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Fig, 172, b
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Figure 20 continued.

a = -4 1/2°
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